Introduction {#Sec1}
============

Obesity has become a national epidemic within the United States that continues to rise at an alarming rate. According to the Center for Disease Control and Prevention, the prevalence of obesity in the United States reached nearly 40% among adults or over 93 million people in 2015--2016 \[[@CR1]\]. Although the relationship between obesity and chronic illness is well studied and understood \[[@CR2]--[@CR7]\], its relationship with acute illness and immediate post-trauma surgical complications is less clear. Given the rising prevalence of obesity, it is far more likely now that a significant proportion of the trauma population will be composed of individuals with an obese body mass index (BMI). To optimize care for obese trauma patients, particularly in those requiring surgical intervention, we must continue to enhance our understanding of obesity and its impact on outcomes in trauma.

To date, several studies have been conducted to investigate this relationship, but the results are inconsistent. Some studies suggest obesity may be an independent risk factor for poor outcomes in trauma \[[@CR8]--[@CR15]\] whereas others have not demonstrated any such association \[[@CR16]--[@CR23]\]. However, a meta-analysis of these studies with nearly 7800 obese trauma patients found an association between obesity and higher risk of mortality and in-hospital complications such as acute respiratory distress syndrome (ARDS) \[[@CR24]\]. Recent studies have observed a higher risk of mortality and in-hospital complications among severely obese and morbidly obese trauma patients \[[@CR25], [@CR26]\], suggesting outcomes in trauma may vary depending on the degree of obesity. While there have been multiple studies on general surgical populations purporting the increased risk for postoperative pulmonary complications (PPCs) and mortality with a laparotomy as well as with obesity independently \[[@CR16], [@CR27]--[@CR29]\], fewer studies have specifically examined the association of obese trauma patients requiring trauma laparotomy. Furthermore, obesity is not currently considered among the patient-related risk factors for the development of PPCs \[[@CR30]\]. One of the few available studies is a single-center study by Livingston et al. in which obesity was not shown to be associated with increased morbidity and mortality following trauma laparotomy \[[@CR31]\]. However, higher rates of in-hospital complications such as pneumonia have been reported in obese trauma patients undergoing damage control laparotomy (DCL) \[[@CR32]\] with higher mortality rates reported among the morbidly obese \[[@CR33]\].

Therefore, we sought to evaluate how obesity impacts PPCs and mortality, hypothesizing the likelihood of mortality and PPCs including ventilator-associated pneumonia (VAP), pneumonia, and ARDS would increase as BMI increased in adult trauma patients undergoing trauma laparotomy.

Methods {#Sec2}
=======

This study was approved by the institutional review board at our institution. A retrospective analysis of the Trauma Quality Improvement Program (TQIP) was performed between January 2010 and December 2016. All trauma patients ≥ 18 years of age undergoing trauma laparotomy within 6-h of presentation with documented height and weight were included. Those with an abbreviated injury scale (AIS) of the thorax \> 2 were excluded from the study to prevent significant thoracic injury from confounding the analysis on PPCs.

Demographic variables collected included age, gender, race and comorbidities. The injury profile included injury severity score (ISS), mechanism of injury, and injury types. All variables were coded as present or absent. Descriptive statistics were performed for all variables and stratified by BMI according to the World Health Organization guidelines: normal (18.50--24.9 kg/m^2^), overweight (25--29.9 kg/m^2^), obese (30--34.9 kg/m^2^), severely obese (35--39.9 kg/m^2^), and morbidly obese (≥ 40 kg/m^2^) \[[@CR34]\]. Trauma patients with overweight, obese, severely obese and morbidly obese BMI were each compared to a reference group of trauma patients with a normal BMI. A one-way ANOVA test was used along with a post-hoc tukey analysis to compare the overweight, obese, severely obese, and morbidly obese groups to patients with normal BMI. Categorical data were reported as percentages, and continuous data were reported as medians with interquartile range. The primary outcome was in-hospital mortality. The secondary outcomes were PPCs including VAP, pneumonia, or ARDS. Other measured outcomes included total hospital length of stay (LOS), intensive care unit (ICU) LOS, days spent on a ventilator, and other postoperative in-hospital complications.

The magnitude of the association between predictor variables and PPCs or mortality was measured using a univariable logistic regression model and chosen based on a review of the literature \[[@CR30], [@CR35]--[@CR37]\]. Covariates chosen included systolic blood pressure (SBP) ≤ 90 mmHg within 24-h, age ≥ 65-years-old, ISS ≥ 25, massive blood product transfusion (≥ 6 units of packed red blood cells within 4-h), rib injury, lung injury, severe (grade \> 3) AIS for the head, spine, and abdomen, as well as history of peripheral vascular disease (PVD), end-stage renal disease (ESRD), diabetes, hypertension, smoking, chronic obstructive pulmonary disease (COPD) and cerebrovascular accident (CVA). Covariates with statistical significance (*p* \< 0.20) were included in a hierarchical multivariable logistic regression model and the adjusted likelihood for PPCs or mortality were reported with an odds ratio (OR) and 95% confidence intervals (CI) after stratification by BMI. The reference group used in our analysis included all adult trauma patients with normal BMI undergoing trauma laparotomy within 6 h of presentation. All p-values were two-sided, with a statistical significance level of \< 0.05. All analyses were performed with IBM SPSS Statistics for Windows (Version 24, IBM Corp., Armonk, NY).

Results {#Sec3}
=======

Demographics of adult trauma patients undergoing trauma laparotomy stratified by BMI {#Sec4}
------------------------------------------------------------------------------------

A total of 8,330 patients underwent trauma laparotomy within 6-h. Of these patients, 3095 (37.2%) were normal weight, 2810 (33.7%) were overweight, 1444 (17.3%) were obese, 580 (7.0%) were severely obese, and 401 (4.8%) were morbidly obese. In relation to patients with normal BMI, overweight, obese, severely obese, and morbidly obese patients had a higher median age (32, 35, 35 and 34 vs 27-years-old) with obese and severely obese patients having a similar percentage of males (81.2% and 79.2% vs 80.2%), overweight patients having a higher percentage (84.0% vs 80.2%) and morbidly obese patients having a lower percentage (71.8% vs 80.2%). Other patient demographics are available in Table [1](#Tab1){ref-type="table"}.Table 1Demographics of adult trauma patients undergoing trauma laparotomy stratified by body mass indexCharacteristicNormal^a^ (*n* = 3095)Overweight (*n* = 2810)Obese (*n* = 1444)Severely obese (*n* = 580)Morbidly obese (*n* = 401)Age, year, median (IQR)27.0 (18)32.0 (21)^**b**^35.0 (21)^b^35.0 (22)^b^34.0 (20)^b^Sex, male, *n* (%)2482 (80.2%)2358 (84.0%)^b^1172 (81.2%)458 (79.2%)288 (71.8%)^b^Race, *n* (%) White1328 (42.9%)1287 (45.8%)709 (49.1%)^b^286 (49.3%)^b^204 (50.9%)^b^ Black1308 (42.3%)1031 (36.7%)^b^508 (35.2%)^b^204 (35.2%)^b^145 (36.2%)^b^ Hispanic365 (11.8%)453 (16.1%)^b^213 (14.8%)^b^81 (14.0%)58 (15.7%) Asian81 (2.6%)48 (1.7%)^b^19 (1.3%)^b^4 (0.7%)^b^2 (1.0%)^b^ISS, median (IQR)14.0 (10)14.0 (11)14.0 (10)14.0 (9)16.0 (14)^b^SBP, median (IQR)122.0 (34)123.0 (38)126.0 (37)^b^125.0 (38)122.0 (42)HR, median (IQR)93.0 (28)93.0 (30)96.0 (31)^b^99.0 (32)^b^103.5 (33)^b^GCS, median (IQR)15 (0)15 (0)15 (0)15 (1)15 (0)EtOH Screen Positive816 (26.3%)795 (28.3%)373 (25.8%)137 (23.6%)76 (19.0%)^b^Drug Screen Positive830 (26.8%)690 (24.6%)323 (22.3%)^b^145 (25.0%)90 (22.4%) Comorbidities, *n* (%) Hypertension215 (6.9%)315 (11.2%)^b^256 (17.7%)^b^121 (20.9%)^b^104 (25.9%)^b^ Diabetes Mellitus81 (2.6%)109 (3.9%)99 (6.9%)^b^51 (8.8%)^b^51 (12.7%)^b^ CHF9 (0.3%)20 (0.7%)8 (0.6%)3 (0.5%)10 (2.5%)^b^ CVA9 (0.3%)13 (0.5%)9 (0.6%)4 (0.7%)0 (0.0%) COPD109 (3.5%)109 (3.9%)49 (3.4%)30 (5.2%)34 (8.5%)^b^ Cirrhosis27 (0.9%)29 (1.0%)14 (1.0%)6 (1.0%)6 (1.5%) CKD5 (0.2%)10 (0.4%)8 (0.6%)3 (0.5%)4 (1.0%) Smoker967 (31.2%)760 (27.0%)^b^330 (22.9%)^b^140 (24.1%)^b^101 (25.2%)*IQR* interquartile range, *ISS* injury severity score, *SBP* systolic blood pressure, *HR* heart rate, *GCS* Glasgow coma scale, *EtOH* alcohol, *CHF* congestive heart failure, *CVA* cerebrovascular accident, *COPD* chronic obstructive pulmonary disease, *CKD* chronic kidney disease^**a**^Reference group^**b**^Statistically significant

The most common mechanism of injury was gunshot wound across all four groups followed by motor vehicle collision and stab-wound. The most common injury type across all four groups was injury to the small intestine followed by colorectal injury. In relation to patients with normal BMI, overweight, obese, and morbidly obese patients had more rib injuries (8.8%, 8.7%, and 12.0% vs 5.9%) (Table [2](#Tab2){ref-type="table"}).Table 2Mechanism and injuries of adult trauma patients undergoing trauma laparotomy stratified by body mass indexCharacteristicNormal^a^ (*n* = 3095)Overweight (*n* = 2810)Obese (*n* = 1444)Severely obese (*n* = 580)Morbidly obese (*n* = 401)Mechanism, *n* (%) MVC573 (18.5%)539 (19.2%)295 (20.4%)123 (21.2%)82 (20.4%) MCC68 (2.2%)97 (3.5%)65 (4.5%)^b^33 (5.7%)^b^23 (5.7%)^b^ Bicyclist33 (1.1%)21 (0.7%)12 (0.8%)5 (0.9%)3 (0.7%) Pedestrian-struck90 (2.9%)114 (4.1%)40 (2.8%)20 (3.4%)12 (3.0%) Fall177 (5.7%)144 (5.1%)70 (4.8%)25 (4.3%)19 (4.7%) Stab-wound402 (13.0%)350 (12.5%)164 (11.4%)69 (11.9%)34 (8.5%) Gunshot wound1376 (44.5%)1233 (43.9%)648 (44.9%)263 (45.3%)182 (45.4%) Suicide169 (5.5%)143 (5.1%)76 (5.3%)21 (3.6%)26 (6.5%)Injuries, *n* (%) TBI309 (10.0%)317 (11.3%)171 (11.8%)70 (12.1%)43 (10.7%) Spine572 (18.5%)483 (17.2%)228 (15.8%)93 (16.0%)95 (23.7%) Heart3 (0.1%)5 (0.2%)7 (0.5%)^b^0 (0.0%)1 (0.2%) Lung40 (1.3%)30 (1.1%)29 (2.0%)9 (1.6%)8 (2.0%) Rib182 (5.9%)248 (8.8%)^b^126 (8.7%)^b^49 (8.4%)48 (12.0%)^b^ Pelvis590 (19.1%)511 (18.2%)229 (15.9%)111 (19.1%)75 (18.7%) Upper extremity389 (12.6%)367 (13.1%)214 (14.8%)95 (16.4%)57 (14.2%) Lower extremity386 (12.5%)414 (14.7%)250 (17.3%)^b^107 (18.4%)^b^81 (20.2%)^b^ Stomach284 (9.2%)227 (8.1%)109 (7.5%)49 (8.4%)32 (8.0%) Small Intestine1278 (41.3%)1126 (40.1%)593 (41.1%)224 (38.6%)170 (42.4%) Colorectal1080 (34.9%)972 (34.6%)507 (35.1%)198 (34.1%)129 (32.2%) Pancreas85 (2.7%)76 (2.7%)43 (3.0%)23 (4.0%)13 (3.2%) Liver595 (19.2%)496 (17.7%)259 (17.9%)105 (18.1%)67 (16.7%) Spleen521 (16.8%)485 (17.3%)242 (16.8%)106 (18.3%)78 (19.5%) Kidney294 (9.5%)276 (9.8%)142 (9.8%)57 (9.8%)44 (11.0%) Burn1 (0.0%)1 (0.0%)2 (0.1%)3 (0.5%)^b^0 (0.0%)*MVC* motor vehicle collision, *MCC* motorcycle collision, *TBI* traumatic brain injury^**a**^Reference group^**b**^Statistically significant

Clinical outcomes in adult trauma patients undergoing trauma laparotomy stratified by BMI {#Sec5}
-----------------------------------------------------------------------------------------

Compared to patients with normal BMI, overweight, obese, severely obese, and morbidly obese patients had a longer LOS (8.0, 9.0, 9.0 and 10.0 vs 8.0), ICU LOS (4.0, 4.0, 5.0 and 5.0 vs 3.0), and median ventilator days (3.0, 3.0, 3.0 and 4.0 vs 2.0). The rate of pneumonia was higher in overweight, severely obese, and morbidly obese patients relative to patients with normal BMI (4.9%, 7.1% and 8.5% vs 3.2%). There was no difference in the rate of VAP among all patient groups whereas the rate of ARDS was higher for morbidly obese patients (5.2% vs 1.0%). Relative to patients with normal BMI, the mortality rate was found to be higher only in morbidly obese patients (13.2% vs 5.1%) (Table [3](#Tab3){ref-type="table"}).Table 3Outcomes of adult trauma patients undergoing trauma laparotomy stratified by body mass indexOutcomeNormal^a^ (*n* = 3095)Overweight (*n* = 2810)Obese (*n* = 1444)Severely obese (*n* = 580)Morbidly obese (*n* = 401)LOS, days, median (IQR)8.0 (8)8.0 (9)^b^9.0 (9)^b^9.0 (10)^b^10.0 (14)^b^ICU, days, median (IQR)3.0 (4)4.0 (5)^b^4.0 (6)^b^5.0 (7)^b^5.0 (10)^b^Vent, days, median (IQR)2.0 (3)3.0 (4)3.0 (4)^b^3.0 (6)^b^4.0 (9)^b^Complications, *n* (%) Myocardial infarction4 (0.1%)5 (0.2%)6 (0.4%)2 (0.3%)2 (0.5%) CVA5 (0.2%)11 (0.4%)13 (0.9%)^b^4 (0.7%)3 (0.7%) Pneumonia100 (3.2%)138 (4.9%)^b^68 (4.7%)41 (7.1%)^b^34 (8.5%)^b^ VAP5 (0.2%)7 (0.2%)8 (0.6%)2 (0.3%)0 (0.0%) Unplanned intubation52 (1.7%)52 (1.9%)27 (1.9%)18 (2.8%)13 (3.2%) ARDS31 (1.0%)42 (1.5%)23 (1.6%)11 (1.9%)21 (5.2%)^b^ Acute kidney injury41 (1.3%)72 (2.6%)^b^49 (3.4%)^b^36 (6.2%)^b^33 (8.2%)^b^ Deep venous thrombosis56 (1.8%)102 (3.6%)^b^52 (3.6%)^b^29 (5.0%)^b^26 (6.5%)^b^ Pulmonary embolism27 (0.9%)44 (1.6%)32 (2.2%)^b^15 (2.6%)^b^15 (3.7%)^b^ Decubitus ulcer20 (0.6%)22 (0.8%)17 (1.2%)11 (1.9%)^b^10 (2.5%)^b^ Unplanned return to OR123 (4.0%)128 (4.6%)75 (5.2%)43 (7.4%)^b^33 (8.2%)^b^ Unplanned ICU82 (2.6%)71 (2.5%)40 (2.8%)20 (3.4%)17 (4.2%) Superficial infection68 (2.2%)50 (1.8%)35 (2.4%)17 (2.9%)18 (4.5%)^b^ Deep site infection54 (1.7%)73 (2.6%)42 (2.9%)13 (2.2%)9 (2.2%) Urinary tract infection83 (2.7%)71 (2.5%)63 (4.4%)^b^16 (2.8%)26 (6.5%)^b^ Organ space infection85 (2.7%)72 (2.6%)58 (4.0%)14 (2.4%)17 (4.2%) CRBSI5 (0.2%)9 (0.3%)5 (0.3%)5 (0.9%)5 (1.2%)^b^ Severe sepsis44 (1.4%)54 (1.9%)42 (2.9%)^b^17 (2.9%)20 (5.0%)^b^Mortality, *n* (%)158 (5.1%)167 (5.9%)87 (6.0%)46 (7.9%)53 (13.2%)^b^*LOS* length of stay, *IQR* interquartile range, *ICU* intensive care unit, *Vent* ventilator, *CVA* cerebrovascular accident, *VAP* ventilator-associated pneumonia, *ARDS* acute respiratory distress syndrome, *OR* operating room, *CRBSI* catheter-related bloodstream infection^**a**^Reference group^b^Statistically significant

Likelihood of PPCs and mortality in adult trauma patients undergoing laparotomy stratified by BMI {#Sec6}
-------------------------------------------------------------------------------------------------

After adjusting for covariates in a multivariable logistic regression model, the likelihood of pneumonia increased in overweight (OR = 1.40, CI 1.07--1.84, *p* = 0.013), severely obese (OR = 2.25, CI 1.52--3.31, *p* \< 0.001), and morbidly obese patients (OR = 2.12, CI 1.39--3.24, *p* = 0.001). The likelihood of VAP increased in obese patients (OR = 3.17, CI 1.01--9.97, *p* = 0.048) and the likelihood of ARDS increased in morbidly obese patients (OR = 4.85, CI 2.72--8.65, *p* \< 0.001) (Table [4](#Tab4){ref-type="table"}). Altogether, the adjusted likelihood of developing PPCs increased with increasing BMI: overweight (OR = 1.37, CI 1.07--1.74, *p* = 0.012), obese (OR = 1.44, CI 1.08--1.92, *p* = 0.014), severely obese (OR = 2.20, CI 1.55--3.14, *p* \< 0.001), and morbidly obese (OR = 2.42, CI 1.67--3.51, *p* \< 0.001). The adjusted likelihood of mortality increased only in morbidly obese patients (OR = 2.60, CI 1.78--3.80, *p* \< 0.001) (Table [5](#Tab5){ref-type="table"}).Table 4Adjusted odds ratio for pneumonia, VAP, and ARDS in adult trauma patients undergoing trauma laparotomy**PneumoniaORCI*p*value**Body mass index\*Overweight1.401.07--1.840.013Obese1.360.98--1.890.063Severely obese2.251.52--3.31 \< 0.001Morbidly obese2.121.39--3.240.001**Ventilator Associated PneumoniaORCI*p*value**Body mass index\*Overweight1.370.43--4.380.594Obese3.171.01--9.970.048Severely obese2.000.36--11.00.425Morbidly obese0.000.00--0.000.993**Acute Respiratory Distress SyndromeORCI*p*value**Body mass index\*Overweight1.380.86--2.210.187Obese1.410.80--2.460.232Severely obese1.850.92--3.730.087Morbidly obese4.852.72--8.65 \< 0.001Controlled for age ≥ 65, injury severity score ≥ 25, chronic obstructive pulmonary disease, smoking, rib injury, lung injury, transfusion of ≥ 1 units of packed red blood cells within 24 h\*Reference group included normal BMITable 5Adjusted odds ratio for PPCs and mortality in adult trauma patients undergoing trauma laparotomy**Postoperative pulmonary complications**^**a**^**ORCI*p*value**Body mass index^\*^Overweight1.371.07--1.740.012Obese1.441.08--1.920.014Severely obese2.201.55--3.14 \< 0.001Morbidly obese2.421.67--3.51 \< 0.001**Mortality**^**b**^**ORCI*p*value**Body mass index^\*^Overweight1.020.80--1.300.860Obese1.030.77--1.390.842Severely obese1.460.99--2.150.050Morbidly obese2.601.78--3.80 \< 0.001^a^Controlled for age ≥ 65, injury severity score ≥ 25, chronic obstructive pulmonary disease, smoking, rib injury, lung injury, transfusion of ≥ 1 units of packed red blood cells within 24 h^b^Controlled for age ≥ 65, injury severity score ≥ 25, AIS head severe, PPCs, CHF, diabetes mellitus, hypertension, unplanned return to the operating room\*Reference group included normal BMI

Discussion {#Sec7}
==========

The rising prevalence of obesity in the United States has drastically increased the likelihood that a significant portion of the trauma population will be comprised of individuals with higher BMI levels \[[@CR1]\]. As a result, many studies have been conducted to investigate the impact of obesity on outcomes in trauma \[[@CR8]--[@CR26]\], however, its impact in trauma patients undergoing laparotomy continues to remain unclear \[[@CR31]--[@CR33]\]. Using seven years of data derived from the TQIP database, we found the likelihood of mortality in morbidly obese trauma patients to increase by 2.6 times. Additionally, we found the likelihood of PPCs such as VAP, pneumonia, and ARDS to increase as BMI increased.

The association between obesity and mortality after laparotomy has varied in the literature. A single-center study by Livingston et al. which examined about 1300 trauma patients undergoing trauma laparotomy found there was no difference in the rate of mortality regardless of BMI level \[[@CR31]\]. In another single-center study, Haricharan et al. similarly found BMI did not contribute to the likelihood of mortality in trauma patients undergoing DCL \[[@CR32]\]. In contrast, using a large national database with over eight thousand patients, we observed the likelihood of mortality to increase when BMI ≥ 40 kg/m^2^. Consistent with our study, a single-center study consisting of 104 trauma patients undergoing DCL by Duchesne et al. reported the likelihood of mortality to increase by nearly two-fold when BMI \> 40 kg/m^2^ \[[@CR33]\], suggesting obesity may be a predictive factor for mortality after trauma laparotomy at higher BMI levels. It is possible patients with higher BMI levels have a more complex and difficult post-injury hospital course, which then results in a higher likelihood for mortality. This is reflected in our patient population which had a higher LOS, ICU LOS, and median ventilator days as BMI increased. The morbidly obese also had higher rates of unplanned return to the operating room, decubitus ulcers, and infections such as superficial infections, catheter-related bloodstream infections and severe sepsis. This higher rate of complications likely adds to their higher likelihood of mortality.

The association between obesity and the development of PPCs after laparotomy is not definitively known. Several single-center studies have attempted to assess this relationship. One study found the likelihood of pneumonia and ARDS to be no different among obese trauma patients undergoing trauma laparotomy relative to normal BMI patients \[[@CR31]\]. Another study found the likelihood of pneumonia to be higher in overweight and obese trauma patients undergoing DCL \[[@CR32]\]. A final study found the likelihood of ARDS to be no different in obese trauma patients undergoing DCL \[[@CR33]\]. In our study, the likelihood of PPCs was found to increase as BMI increased. One explanation for this discrepancy is the difference in powering of these studies as our study had nearly 8 times the patients of the aforementioned studies. It is well known that obesity may cause decreased chest wall compliance, decreased lung volumes, increased oxygen consumption, increased respiratory rate, mild hypoxemia, and increased airway resistance, all of which can predispose obese individuals to obstructive sleep apnea (OSA) and obesity hypoventilation syndrome \[[@CR38]--[@CR41]\]. These changes in obese individuals also present with difficulties in airway management given the challenges to oxygenation and ventilation \[[@CR39]\]. This is further exemplified in our data where morbidly obese patients had an increased rate of unplanned intubation as well. Interventions that have proven useful in obese patients during the postoperative phase include use of continuous positive airway pressure and noninvasive ventilation \[[@CR42]--[@CR44]\] as well as incentive spirometry, targeted pulmonary toilet, respiratory physiotherapy, and early mobilization \[[@CR42], [@CR45], [@CR46]\]. These interventions should be implemented for all obese trauma patients undergoing laparotomy.

As a large retrospective database study, there are inherent limitations to this work including coding errors and reporting bias. Additionally, given the retrospective nature of our work, our findings cannot be interpreted as causation and serve primarily to establish correlation and warrant further exploration. Furthermore, the use of BMI as a surrogate for estimating body fat and thus obesity may be an important limiting factor as well. Although BMI is widely accepted and is the most readily available tool for stratifying patients by weight, it is truly excess body fat rather than the excess weight that correlates with ill-health. Given that BMI is calculated based on just height and weight, it also fails to account for other factors like age, sex, muscularity, and ethnicity that play a role in determining a patient's body fat. The unstandardized fashion in which height and weight are collected across the country also serves as a limiting factor. While many trauma centers directly measure these values, other trauma centers rely on self-reported values or estimates. Furthermore, the diagnosis of pneumonia (especially non-ventilator related) is often made clinically rather than with quantitative cultures, resulting in a lower sensitivity and specificity. As a result, the true population of patients with pneumonia may not be fully captured. In addition, the TQIP database is limited to the index hospitalization thus long term and functional outcomes are absent. Additionally, pertinent data points unavailable within TQIP include whether the patients were American Society of Anesthesiologists class II or greater or had OSA, both of which have been identified as risk factors for the development of PPCs \[[@CR30], [@CR47]\]. There is also no information pertaining to how the laparotomy was performed within TQIP.

Conclusion {#Sec8}
==========

In this study, an association was found for both PPCs and mortality in relation to increased BMI. The likelihood for PPCs is greater starting with patients of BMI ≥ 25 kg/m^2^ and increases with each higher category of BMI, culminating with a nearly 2.4 times increased likelihood for PPCs in morbidly obese patients. The likelihood for mortality increases in patients with BMI ≥ 40 kg/m^2^. This suggests obesity should be accounted for in risk prediction models of trauma patients undergoing trauma laparotomy. However, prior to implementation, future prospective studies should confirm these findings.
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